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Effect of Perchlorate on the Human

Thyroid Gland

By Joux B. SraxBURY axD JaMmes B. WYNGAARDEN
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FUNDAMENTAL property of the thyroid gland is that of removing
iodide from the perfusing blood and concentrating it in the processes of
hormone synthesis and storage. During recent years a large number of sub-
stances have been found that interfere specifically with either iodide capture
(trapping) or hormone synthesis. Among those preventing the latter are clin-
ically important drugs such as propylthiouracil and 1-methyl-2-mercaptoimi-
dazole.. These prevent the oxidation of iodide ion to iodine and its chemical
attachment to tyrosyl groups. It remains in doubt whether this occurs through
inhibition of an oxidative enzyme, or from maintenance of the trapped iodide
ion in the reduced state, or through some other mechanism. It is evident, how-
ever, that thiourea and related substanm do not prevent the trappmg of iodide
by the gland.!
The trapped iodide exists in dynamic equxlxbnum \\1th the iodide ion of the
blood. If the trapped iodide is labeled with I'* it can be rapidly diluted out by
the administration of a relatively large amount of the stdble isotope, I'7. The
administration of thiocyanate ion, an iori sharing many properties in common
with iodide, will also result in a discharge of trapped iodide from the gland:
Likewise, prior treatment with thiocyanate will prevent the accumulation of 113,
In a systematic survey of anions that might have an effect similar to that of
thiocyanate, Wyngaarden, Wright and Ways? found that in the rat perchlorate
was approximately 10 times as effective as thiocyanate. I accurulated by the
thyroid of the rat receiving propylthiouracil was rapidly discharged when per-
: - chiorate was injected, and preireatment with perchlorate effectively prevented
<tration of 0.1 LU. of i ‘li' % thyroidal accumulat.io.n of iodide. The mechanism of action of perchlorate is un-
ase in the adrenalin excrety . . known, .bl.lt. cornpeutxen ff)r receptor groups of the gland that are responsible
0.007 ug). The norad I_ s F fﬁ; r:l:] gx;;tsltaeldxzorgamc binding or inhibitory effects on enzyme systems have
Perchlorate appears to have had little pharmacological attention. Kahanet
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10 increase in urine adren ,.‘{é.. observed the effects of intravenous injections on four rabbits; 250 mg. of NaClO,
Ui was without effect, but 500 mg. by intracardiac injection caused a transient
. v . paralysis of the hind limbs, and in two animals diarrhea. Eichen® found the
. J. Physiol. 69: 46. 1924. effect of perchlorate on the frog heart to be identical with that of thiocyanate.
. Rev. Asoc. méd. argent. 87: 488, He administered 1 to 2 gm. orally to patients and observed no ill-effects. Seventy
: " #4.; 4 per cent was recovered in the urine in 12 hours and 859 to 90% in 24 hours.
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334 PERCHLORATE AND HUMAN THYROID GLAND

methemogobhn iormanon
The similarity of action of perchlorate on the thyroid of the rat to that d
thiocyanate suggested an extension of these observations to the human subject
The results herein reported indicate that the effects in thyrotoxic patients argq’
similar. 4
MEeTHODS - “

The subjects of this investigation were patients with Graves’ disease who were 3
attending the Thyroid Clinic of the Massachusetts General Hospital. In almost 1
all there had been no recent treatment for the disease, but an occasional patient. ;
bad been receiving 1-methyl-2-mercaptoimidazole for a variable period of time. ",
The initial vbservationy were always made at least 2 month after discontinuance"
of ail therapy.

The antithyroid drug employed was 1-methyl-2-mercaptoimidazole, given ‘3
orally in a single 30-mg. dose. Tracer doses of I'* of approximately 10 micro- ;
curies were used. Measurements for the most part were obtained with a lead- &
shielded scintillation counter employing a sodium iodide crystal” The crystal’ g
was approximately 10 cm. from the anterior surface of the neck, and the lead ™
shielding was in contact with the neck. The sensitivity of the machine was
approximately 4000 counts per microcurie at the same distance. Counting rates |
from the anterior part of the thigh were obtained at the same time. The obaer- _
vations on the first four patients were obtained with a four-quadrant acm‘hlk-
tion counter.’ The sensitivity of this device was approximately 1000 counts per
microcurie at the geometrical center of the array. The findings:with the two |
devices were in all respects comparable. Forty-eight hour 1’3 accumulations by -
the glands were obtained from the four-counter array by comparing the patients
with a suitable standard and exnploymg a predetermmed correction factor. When _
appreciable radicactivity was present in the neck at the time of a second tracer, -
‘a larger tracer was given so as to minimize the background correction.

A series of observations was made on 12 patients with typical Graves’ disease.
The experiments were of three tvpes. In one the subjects received a blocking -
dose of 1-methyvi-2-mercaptoimidazole, then a tracer of I, and, when this had
accumulated in the gland, an oral dose of KClO.. In the second series the KCIO,
was given before the tracer. In the third group the biockmg drug was omitted
and the KClO, given prior to the tracer. .

Resvirs
Perchlorate Discharge of Accumulated Iodide

To eight patients 30 mg. of 1-methy¥1-2-mercaptoimidazole was given orally,
and to 3 ninth a dose of 200 meg. of prf_\pv‘thiburae:! was administered. Approxi-
mately one hour later a tracer of I'™ was giveni. The accumulation of this in the
neck was recorded at frequent intervals until it was leveling off or slowly de-
clining. At this point guantities of KCIO, varying fro 300 mg. were given
orally in small volumes of water. In each patient, except the propyithiouracil-
treated patient, there was a sharp.fall in the counting rate within a few minutes
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after ingestion of KXClO,. This always occurred within 30 minutes. With smaller
doses the discharge of the I'! was incomplete, but doses of 100 mg. caused a
fall in counting rates nearly to, or in one case slightly below, the counting rates
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F1G. 1.—Perchlorate discharge of accumulated iodide. At zero time the patient recetved
30 mg. of 1-methyl-2-mercaptoimidazole. At the first signal, a tracer dose of I'3! was given
and at the second signal 100 mg. of KClO,. The upper curve is counts recorded from the
thyroid and the lower those recorded from the thigh. The abscxsua is time in minutes; the
ordinate is net counts per minute.
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Fi1c. 2.—Perchlorate dxscharge of accumulated iodide. Sixty mintues before zero time

the patient feceived 30 mg. of 1-methy!-2- mercaptoimidazole, and at zero time a tracer dose
of 1131, At the first signal the patient received 10 mg. of KClO, and at the second signal 100 (
mg. The abscissa is time in minutes; the ordinate is net counts per minute.

recorded from the thigh. The single instance in which a fall did not occur was
in the patient who received propylthiouracil as the blocking agent. The per-
chlorate was given while the counting rate was increasing No further increase

" oceurred, and 1 gm. of potassium xodnde _given orally in solution also failed to

cause a fall in counting rate. ) -
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336 PERCHLORATE AND HUMAN THYROID GLAND

Figure 1 illustrates the effect of a single 100-mg. dose of KClO, on trapped 3}
iodide. Only 1597 of the initially accumulated I'™! was present in the neck within >
a few minutes after administration of the KCIO,. At least part of the residual
laheled iodide recorded from the neck was in the blood circulating through the .
structures of the neck rather than in the gland parenchyma. If as a correction
the counting rate recorded over the thigh is subtracted, then it appears that °
scarcely any I'™ remained trapped within the thyroid after the perchlorate,
In Figure 2 is shown the effect of 10 mg. of KCIO, followed by 100 mg. The
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F1e. 3.—Perchlorate inhibition of iodide trapping. One bundred and twenty.minutes <=

before zero time the patient received 30 mg. of 1.methyl-2-merceptoimidazale, and at zero -

time a tracer dose of 1'%, The solid curves represent the events when the patient received - .

no KCIO.. The dashed curves represent the events when 100 mg. of KCIO, was administered .

60 minutes before zero time. In each case the upper curve is counts from the thyroid region

and the lower curves counts from the thigh. The sbscissa is time in minutes; the ordinate

is net counts per minute. The two tracers were adjusted to the same counting rate. Note

the inhibition of iodide uptake by the prior administration of KCIO..

smaller dose resulted in an incomplete discharge of the I'! and the larger dose
in a further discharge. The final counting rate over the gland was approximately
four times that from the thigh. '

Percatorate Inhibition of I'™ Accumulation in the Blocked Gland

Two patients received 30 mg. of 1-methyl-2-mercaptoimidazole, and an hour
later 100 mg. of KCIO, orally. One hour later tracers of I'* were given. A few "
days later exactly the same observations were made except that the KCIOq was
omitted. KCIO, inhibited the accumuiation of I'** by the thyroid. This is illus-
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- in Figure 4. In this patient the 24-hour and 48-hour uptakes of I'*! were 12.99,
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trated in Figure 3. The patient was a Young man with severe thyrotoxicosis.
The accumulaxion of [ in his thyroid when he was pretreated with perchlorate
‘was only 2795 of what it was when no perchlorate was given. At least a portion
of the I'" must have heen in the blood of his large and vascular gland rather
than in the parenchyma of the gland. When the correction from counting rates
over the thigh is made, this value becomes 13€7. In the second patient the dif-
ference was even more striking. The counting rates from the neck were the
same as those from the thigh after administration of KCIO;.
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F16. 4+.—Perchlorate inhibition of iodide trapping. The lower curve represents the events
when 100 mg. of KClO, was administered orally one hour prior to zero time. The upper
curve was obtained without prior administration of KClO,. The tracers were given at zero

time and were adjusted to the same counting rate. The abscissa is time in minutes; the

- ordinate is counts per minute, or percentage of administered dose in the thyroid.

Perchlorate Inhibition in the Unblocked Gland

Three patients received tracers of I’ an hour after being given 100 mg. of
RClO,. No 1l-methyl-2-mercaptoimidazole was given. Several days later each
patient received a control tracer of 1" without previous perchlorate. In two,
the studies were continued for 48 hours, but in the third a period of observation
of only five hours was possible after the tracer.

The single dose of KCIO, strikingly depressed the accumulation rate of the
I, as well as the 2¢-hour and 18-hour accumulations by the glands. It was
apparent in the two longer experiments that after.five or six hours there was an
inflection in the counting rate curve in an upward direction. This is illustrated

and 11.29, respectiveiy, .of. the administered dose when they were pretreated
with perchlorate, and 68.0% and 69.29, at 24 hours and 48 hours, respectively,
when the uptake studies were done without prior administration of perchlorate.
In the second patient the control values were 70.3%, and 69.8% of the adminis-
tered tracer dose present in the gland at 24 and 48 hours; when the patient-was
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; ' pretreated with KClO,, counting rates corresponding to 21.3%, and 21 0% were -
recorded over the thyroid at 24 and 48 hours, respectively. .

§
Discussiox

[—
L e o

The antithyroid drugs of the thiourea group have provided a means for sepa~ .
rating for study the systems of the thyroid involved in iodide trapping on the i
one hand and hormone synthesis and release on the other. The iodide of the {
thyroid exists in exchangeable equilibrium with the iodide of the blood, although 3
there is a considerable concentration gradient in favor of the gland. This iodide
has been shown to be nonprecipitable and diffusible.! When this space is de-
marcated with I'¥, the isotope can be readily diluted out by an excess of I'%,
and also displaced by an excess of thiocyanate. The latter effect is particularly
interesting because a concentration gradient of thiceyanate has not been found.?
One theory propused® is thax these ions are in competition for binding sites on
the surface of or within the thyroid cell.

Perchlorate appears to be another substance that can displace iodide from its
position in the thyroid gland. The data here presented demonstrate that this
occurs with considerable efficiency. A dose as small as 3 mg. given orally pro-
duced a considerable fall in thyroidal iodide. Not only is trapped iodide dis-
charged from the glands of patients being treated with the antithyroid drug
1-methyl-2-mercaptoimidazole, but also, if perchiorate is given before the tracer
of I accumulation of the isotope is inhibited. Perchiorate fon appears, thers-
fore, to have an effect on the thyroid qualitatively similar to that of thiccyanate
ion. These data, however, provide no clue to the precise nature of the trappmg
mechanism or the nature of the effects of perchlorate, or thiocyanate. The simi-
larity of the effects of the two drugs may be only superficial.

The duration of the inhibition of iodide uptake after the oral administration
of 100 mg. of perchiorate appeared to be about six hours. Beyond six hours
accumulation of I¥! commenced. Durand® found that at this time approximately
balf the administered dose of perchlorate has been excreted in the urine. A larger
dose should provide a more prolonged period of inhibition.

The demonstration of perchlorate goiter in rats by Wyngaarden, Wright and
Ways® and their demonstration of several other simple substances that inhibit. -
fodide uptake suggest that a variety of hitherto unsuspected agents may be

{ operative in the induction of sporadic goiter. The data here presented on human
1 subjects suggest that perchlorate may have a role in therapeuties.

¢

B N

SuMMARY

Aqueous potassium perchlorate, when given in oral doses of 3 to 100 mg.,
results in a rapid release of previously accumulsted iodide from the thyroid
glands of human thyrotoxic subjects treated with 1-methyl-2-mercaptoimidazole.
Perchlorate also effectively inhibits the accumulation of tracer I¥. This action
is qualitatively similar to that of thiccvanate.

The period of inhibition of uptake of I’ after a single dose of 100 mg. of
perchlorate is spproximately six hours.

No toxic effects of perchlorate were encountered in these patients, who were
given no more than three doses for a total of not more than 600 mg. of the drug.
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